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ABSTPACT

PURPOSE

"To attempt to increase the reprocessing cycle of installed
engines in vehicles stored outdoors from the presently used one
year to a minimum of three years. Despite improvements in ap-
plication techniques, corrosion still occurs primarily in the
cylinder area in less than one year. By the use of newly dev-
eloped or improved presently used preservative materials it is
possible that maintenance in storage reprocessing operations
can be greatly reduced.

RESULTS

VCI oil used in the test proved far superior to the
presently used HIL-L-21260 oil after a minimum of three years
outdoor storage under actual conditions. Of 24 cylinders (2

S test engines) using the VCI oil 17 were corrosion free after
three years. The other 7 cylinders developed spotty and not
too severe corrosion during the third year of storage.

NIL-L-21260 oil displayed sufficient corrosion on 12 of
24 cylinders to question satisfactory operation of the engine
after reassembly without considerable rework and/or salvage.
Half of the cylinders showed corrosion in the first year.

CONCLUSIONS

There was no apparent attack from the VCI oil or VCI
crystals on non-ferrous or non-metallic conponents of the engine.
The two greatest causes of corroded cylinders of engines are:

a. Tmperature conditions that prcduce alternate conden-
sation and evaporation of moisture.

b. Combustion products producing an acidic environment.

-... . . . .. . . -. . . . . . . . .
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"SUMYARY AND CONlCLUSIONS

1. Very little difference in performance before and after cor-

rosicn was noted. After at least three years of outdoor storage only

* one of 8 test engines would not start. This failure was attributed

to improper timing and not corrosion. Hinor failures on other engines

were not caused by corrosion. It is of interest to note that a penalty

in engine performance caused by corrosion is not too significant, tased

6 on a 90 minute test run as used in this project. ror any future profects

of this type at least a 50 hour test run is recommended. Only then

will corrosion show the deficiencies worth being concerned about, such

* as lower compression, increased ring wear and higher oil consumption.

Where corrosion is severe enough, ring breakage could occur. Therefcre,

it is definite that the less corrosion prevalent in the cylinder area.

the better for all concerned.

2. There was no apparent attack from the VCI oil or VC: .rystaln

on non-ferrous or non-retallic components of the engine.

3. VCI oil from the one source used 4n this test gives much

Lc:ter ;rotection than the presently used F!IL-L-21260 preservative -:I.

4. The two greatest causes of corroded cylinders of enginesare!

a. Temperature conditions that proidce alternate condensation

and evaporation of moisture.

b. Conbustion products producing an acidic environnent.

See Pages 35 through 38 for further conclusions.

0.
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RECOMENDATIONS

As a result of the most satisfactory performance of VCI oil

under actual field conditions, the following recomrendations are made:

a. Set up a fleet test of vehicles in storage. with an equaL

amount of engines processed with VCI cil from at least three sources.

:nter-servlee participation would be desirable. Actual performance

under realistic field conditions could be evaluated relative to im-

portant characteristics of each VCI oil such as:

(1) Vapor pressure - Too high means short service life

of the vapors. Too low will produce inadequate distribution of the vapors.

(2) neutralization of acidic conditions.

(3) Toxicity.

(4) Compatibility.

(5) Solubility.

(6) Water displacement and stability.

(7) Quality and life of vapor phase and contact preservation.
p

b. Qualification people for VC! oil specifications resolve

their present differences of opinion and come up with one coordinated

document in which all interested sources agree.

c. VCI cannot be considered practical as an operating oil

from many viesypointss however the possibility of adding 5 to 20% of

these oils to the presently used operating oils theoretically offers

good potential for a unique way of preservation. This type work 0

could be included in the fleet test recosmenoed.

'7 J



INT.ODUCTION

BACKGROUND AND HISTORY:

An OTAC staff study dated 21 June 1956 reveals that engines
preserved by current techniques and materials show corrosion in a
relatively short time. Areas in the cylinder above piston travel
zone were of particular concern. As a result of the staff study
Improvements in the techniques of application of preservative oils
were recognized as necessary and therefore changes in the speci-
fication were made. Despite these improvements, corrosion is still
possible as a result of human error, shortage of personnel and
equipment, infrequent reprccessing or maintenance in storagev in-
a equate materials and improper use of existing or improved
materials.

PURPOSE OF TEST:

This project will attempt to determine the extent of possibie
improvements attainable by the use of new and/or existing permranent
type protective coatings with new and/or improved preservative oi~s
so that inadequacy due to any of the above reasons are either en-
tirely eliminated or greatly reduced.

SCOPE OF PROJECT:

Sufficient laboratory testing has been acccmplished to indicate
the use of permanent type coatings such as Eiectrofilm 4856 or phcs-
phate treatment alone on the interior surfaces of the cylinders vc,-
vides considerably more resistance to corrosion. it is felt that
sufficient work is already in process on gymnastication and dehum2-
dified storage. Short range tests such as those that are conductec
with laboratory equipment like humidity and salt spray cabinets cr
preservative oils applied to panels and disassembled engine -ylinwe:-
have provided guide lines for more extensive testing. In these sh;r7
range tests, the advantages of much quicker results are recognized,
however, the question of sinulated conditions has to be taken into
account. The question always arises, would the same results be
achieved under actual co-ditions where products of combustion are
prevalent as the cylirder would be an integral part of the engine
with the sealed chamber. Also exposure to the nature elements is
far different than laboratory equipment not to mention the %aria-
tions that can occur even between exposure on spare engines and
those installed as a component of a vehicle.

Test engines No's 1, 2, 3 & 4 were rebuilt by the Experimental
Division, Detroit Arsenal. In order to assure corrosion free
engines, cylinders, pistons, rings, intake valves and exhaust valves
were either reworked or replaced as deemed necessary. The same was
accomplished on test engines No's 5, 6, 7 E B by Annistcn Ordnance
Depot. All eight rebuilt test engines were then installed into

-.-.-.-....... --.... - ... .. .. . -. ... ... .. . . ...... ... . . ...-. ..-



-* vehicles and run 100 miles on the dirt test track at Anniston
Ordnance Depot. All test engines were then processed in accordance
with the materials outlined in the following chart applicable to
each engine. Application techniques as outlined in MIL-STD-634"were carefully adhered to with the exception of the VCI plugs

- which are not covered in such publication.

Test plans call for a boroseope examination of each cylinder
after the first and second year of storage. After the third year
of storage test engines will be removed from the vehicle, completely
disassembled and carefully evaluated. The purpose and objective of
this project to evaluate various combinations of preservative oils,
volatile corrosion inhibitor oils, volatile corrosion inhibitor

J plugs, phosphate and electrofilm finishes will be fulfilled with
the hope that maintenance care and preservation expenditures can
be greatly reduced by definite recommendations of the best preserva-
tive materials or combinations thereof. Completion date estimated
to be October 1961.

S PHASE II

Phase I involved 8 test engines installed into 8 combat vehicles.
Actual conditions of vehicle operation, processing and storage were
simulated in Phase I, however considerable expense was necessary
for such method of evaluation. Therefore limited funds restricted
the evaluation of only a few of the most promising preservative
materials under such test conditions. Other services have con-
ducted field tests with considerable success on engines exposed to
"the elements in wooden boxes, thereby simulating to a certain
degree protection afforded to installed engines in equipment such
as aircraft tanks, trucks, etc. Therefore Phase Ii was implcemnted
in April 1959 to include several more newly developed or improved
currently used preservative materials utilizing 18 test engines
and 9 preservative materials. {2 engines for each raterial). Higher
authority did not approve the loan of 18 vehicles for 3 years, the
duration of the test. Therefore engines were to be placed under
the protection of reusable exterior wood containers after rebuild,
10 hour run on a dynamometer and processing. Two annual partial
teardown evaluations have teen accorplished. Third and final com-
plete teardown evaluation will be completed in February 1963.

PHASE III

Sufficient information and data have been ascertained fr.n"
Phase I & II to warrant a third phase. When Phase I of this study
started in 1958 only one VCI oil was available. There are now at
least three with improvements in contact inhibitors, vapor space
inhibitors and acid neutralizers. Only recently a specification
was issued. Also in the last four years irproverents have been
attained in processing techniques. Past difficulties in engine

0.
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preser.ation were due in part to this factor. Therefore it isdeemed aovisable to evaluate the standard preservative oil. th
irproved av;licaticn techniques and still raintain a control
material. Plans are now finalized to utilize 12 more boxed
engines using the sare rebuild operations and storage ccnditions
as Phase UI. Yaterials to be tested will include at least four
VCI preservative oils, one special spark plug type container of
VC! crystals and one standard MIL-L-21260 oil with the latest
developed application techniques. Plans now call for this phase
to be i;plenented in tha early fall of 1962. Areas of considera-
tion for future work include diesel engines, multi-fuel engines
and tne possibility of adding varying amounts of VCI oil to the
standard preservative operational oil.

* .

o I.
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GENERAL SPECIFICATIONS or TEST EnGniES NO's. 1,3.5,6,7 £ 8

12 Cylinder, V type, Gasoline.

Coolant - Air

Cycle - 4 Stroke.

Bore -5.75 i=.

Stroke - 5.75 in.

Displacement - 1791.94 ca.in.

Compression Ratio - 6.5:1

Gross h.p. - 810 @ 2800 RPM

Max. Torque -*1580 lb.ft. @ 2200 RPM1 -Valve Arrangement - Overhead Camshaft - 2 valves per cylinder.

M'ax. BYXP - 132 psi @ 2200 RPM

Irax. Engine Air Demand - 1280 cfm @ 2800 RPM

DIMENSIONS

* Length - 73.92 in.

Width - 59.82 in.

Height - 40.65 in.

Weight (Dry) - 260S lbs.

- Oil Capacity - 18 gal.

NOTES - Test Engines No's 1, 3, 5 g 6 Fuel Injection Type.

"7 & 8 Carburetor Type.

Cylinders are individually replaceable units, arranged in 2 banks

numbered I to 6 on the right and 1 to 6 cn the left when viewed from

the accessory end or front.

*

.------------------------------------------
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GENERAL SPECIFICATIONS OF TEST I31GITZS NrO's 2 9

6 Cylinder, Horizontal, Opposed, Supercharged, Carbureted.

Coolant - Air

Cycle - 4 Stroke 0

Fuel - Gasoline - YIL-G-3056

Bore - 5.75 in.

Stroke - 5.7ý in."

Displacement - 895.9 cu.in.

Compression Ratio - 5.5:1

Gross h.p. - 500 @ 2800 RPM

Pax. Torque - 955 lb.ft. @ 2200

Valve Arrangement - Overhead camshaft, 2 valves per cylinder.

Max. BHEP - 161 psi @ 2400 RPM

Max. Engine Air Demand - 845 cfm § 2800 RPM

DIMENSIONS

Length - 47.43 in. i-.
Width - 51.56 in.

Height - 34.81 in.

Weight (Dry) - 1861 lbs.

Oil Capacity - 11 gal.

NOTES - Cylinders are individually replaceable units, arranged in

two banks, numbered 1, 3 E 5 on the right and 2, 4 E 6 on the 3

left when viewed from the accessory end or front.

* . . . . . .. "-*. -. - - -- ..-. -



PROCESSING PROCEDURES

Test engines #1 thru 6 were processed in the follcwing manner
before going into storage.

A container with two compartments, one filled with oil, Speci-
fication HIL-L-644, the other with fuel, Specification lIL-G-5572
shall be used. Fuel line from the container shall be connected to
the vehicle fuel line at an accessible point which is most distant
from the engine. For injection type engine, the injector fuel
return line shall be disconnected at quick disconnect coupling and
the female quick disconnect coupling on the line from the container
shall be connected to the male quick disconnect fitting. For
carburetor type engines, the fuel intake line shall be disconnected
from the fuel tank side of engine driven fuel pump and the female
quick disconnect coupling on the line from the container shall be
connected to the vale quick disconnect fitting. Container regu-
lator valve shall be turned to the FUEL position. Engine shall be
started and operated at a minimum speed for one minute, then ac-
celerated to three-fourths speed without load. Container regulator
valve shall be turned to OIL position. At the instant engine begins
to misfires the ignition or magneto switches shall be turned to the
OFF position. Fuel line of the container shall be disconnected and
vehicle fuel line reconnected. Engine shall be cooled to 100°F or
below measured at spark plug gasket surfaces of all cylinders.
Spark plugs shall be removed and handled carefully to avoid damage
to electrodes and threads. Two ounces of preservative oil, as in-
dicated on each engine graph sheet were atomized sprayed into each
cylinder through the spark plug opening while engine is being
cranked with starting rotor. Two additional ounces of the same
test oils were then atomized sprayed into each cylinder without
cranking. Threaded ends of spark plugs shall be reinstalled and
engine not to be cranked anymore.

Test engines 97 and 8 had only the left bank of cylinders
atomized sprayed through the spark plug openings with the designated
test oil. Plastic plug containers each containing 4 grams of VCI
crystals (1 to a cylinder) were inserted into the spark plug open-
ing. Dry compressed air was then applied to the outer end of the
plug so as to force the VCI crystals into the combustion area of
the cylinder. Plastic plugs were then removed and spark plugs
reinstalled.

* NOTE - Before any processing as noted above is accomplished
engine-crankcases are filled to operating level with preservative
oil ?AIL-L-21260, grade determined by vehicle and operating concitions.

.............................-.. . . . . . ...
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STAGES or CORROSION
rROfl

MIL-STD-634(ORD) C0:'SAT VEHICLES, INSPECTION,
CARE AMD PRESERVATION DURING STORAGE OF

Stages Identification
of Stage

Corrosion Description

Stage 1 Discoloration, staining. No direct visu-.
al evidence of pitting, etching or other
surface damage.

Stage 2 Loose rust, black or white corrosion
accopanied by ninor etching and pitting
of surface affected. No scale, or tight 0
rust.

Stage 3 Ru-t. black or white corrosion accompanied
singly or in conbination with etching,
pitting or nore extensive surface damage.
Loose or granular condition.

Stage 4 Rust, black or white corrosion progressed
to the point where fit, wear function or
life of the iten has been affected. Pow-
dered or scaly condition, with pits or
irregular areas of material re=oved from
surface of item.

7 -
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VISIT OF TASK GROUP

On 11 and 12 October 1961 the service wide Task Group on
.• Preservatives and Preservation visited Anniston Ordnance Depot.

This is a group of about 20 individuals, scientistst engineers,
technicians and specialists representing the Army, N:avy, Air
Force, •arine Corps and Department of Defense primarily inter-
ested in all the technical aspects of preservation. Quarterly
meetings are held usually at some installation where so=e
program or activity is of sufficient interest to all. This
project had been a tapic of discussion at their previous meetings.

The Ordnance Corps was honored by the grcup's decision to
hold their 1961 fall meeting at the Anniston Ordnance Depot to
view first hand this Ordnance Tank-Automotive Cormand Engine
Corrosion Study. They held their regular business meeting the
first day 11 October 1961. The second day 12 October 1961 the

* entire group plus four more service representatives partici-
pated in the third annual evaluation of the partially dis-
assembled 8 test engines. Forral and infer-.nal discussions
were held before, during and after the actual inspection of
the engines and various components. Comtents, suggestions and
constructive criticism offered by various members of the group
were most helpful especially for future concepts. The Task
Group is under the capable chairmanship of David Bootzin,
ORDBC-9320-DB, Rock Island Arsenal Laboratories while the
duties of Secretary are most efficiently handled by Gerald
Reinsrith, ORDOW-TB, Ordnance Weapons Co.rand Rock Island,
Illinois. Everyone agreed that Anniston Ordni.nce Depot was
the perfect host for the two day conference.

- - -
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CODE FOR ABBREVIATIONS USED FCR DIAGRAM
SHEETS OF ENGINES AND CYLINDERS WHERE LACK

OF SPACE ECESSiTAT= SU

Stage (referring to degree of corrosion) - I

Corrosidn - Corr

Cylinder - Cyx

Entire - Ent

-Wide - W

Long -L

CODE FOR NUMBERS AND LETTERS

WITHIN CIRCLES ON DIAG-PYS OF CYLINDERS

E - Electrofilm Coated Cylinders.

W - West Coast Application of Electrofilm (Parent Company)

D - Detroit Application of Electrofilm (Licensee)

lL-6L - Number of Cylinder L - :ndicates Left Bank.

IR-6R - llumber of Clinder R - indicates Right Bank.

P - Phosphate Coated Cylinders.

B - Bare Cylinders - No Permanent Type Coating.

6-
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* EXPLANATORY I:OTES FOR C'. - ;NER REY.OVAL

Some cylinders were rerrcved fc-' ;he following reasons,
"during the first and second annual -v..Ijations.

a. To compare the naked eye visual inspection to
results obtained by the boroscope.

b. To verify condition of th4! cylinder, especially
where any difference of opinion exists betw-en three indi-
viduals after using the boroscope.

c. Sore cylinders have the pi~tons at the top of thecompression stroke, hence nothing ca.a be scen with the boroscope.

INFORVATION Oil ANNUAL EVALUATIONS

The next 33 pages (13 thru 911 in words and diagrams
show results of the three an. qal evauayions. "he first and
second year evaluations were ý-onfirad to partial disassembly
of the test engines. The thid year and final evaluation
was a corpiete disassembly. of the test engines, inspection
of components, reassembly and brief test run for efficiency
of operation. Each evaluation is divided into three areas
of information namely: (a) 2!neral Summary, (b) Detailed
S-ur.-ary, (c) Graphical Summarn.

First Annual Evaluation - Pages 13 thru 22

Second " - " 23 " 34

Third 3 " 35

The general and E iiied summary of the third annual
evaluation (Pages 35 I; u .0) naturally supplexents the
brief sumary and co.- "!rs shown on Page 1.

..0

[0



13

GENJERAL -SUMM'ARY OF FIRST PTNUAL EVALUATION

Every cylinder in each engine was boroscope inspected by three
individuals. Observations were discussed periodically. One cylinder
from each bank of cylinders of all engines was removed for inspection
with the naked eye, so com-parison of results could be made with
boroscope findings.

AUl engines processed with 141L-L-21260, Grade 2 the present
engine preservative o-4l, displayed from 1 to 7 corroded cylinders most
of which had reached the stage 3 type of corrosion.

No difference could be ascertained in protective qualities between
low and high limit MIL-L-21260 oils.

The use of permanent type c~atings on the piston travel area such
as phosphate or electrofilm prior to processing with the standard
preservative oil offers little added protection, when compared to the
bare cylinders with the same oil. It was noted that most of the

Scoating material had been removed on the 100 mile test track run.

Volatili Corrosion Inhibitors either in oil or crystal form
perfor.ed remarkably well. The four AV-1790 engines processed with
VCI raterials produced 48 corrosion free cylinders, after 14 rmonths
outdoor storage.

VCI crystals when blown in the cylinders have a tendency to
build up especially at the top of the cylinder. This condition would
prove troublesore when considering the minute openings of injector
nozzles of fuel injection and diesel engines. This condition was--
caused by the use of air pressure to the VCI crystal plugs after they
had been inserted in the spark plug openings in accordance with the
supplier's instructions. The omittance of the air pressure for
blowing the crystals in the cylinder would rectify this condition.
It would then be interesting to see if sufficient vapors would be
released into the cylinder area to perform as well. This will be
checked in another phase of the project.

* The partial disasserbly only permitted a partial visual inspection
of the valves, rings, pistons and other components. Past experience
reveals the cylinder interior walls as the most susceptible to corrosion,
hence the emphasis on this area at this time.

S* .

* ] -
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DETAILE) S.MARY OF FIRST AlJUAL EVALUATION

Engine #1 -- Low limit HIL-L-21260 Grade 2
5 of 12 cylinders remained corrosion free for one year
7 of 12 cylinders exhibited stage 3 corrosion in areas ranging

fro= 112" to 1" wide and from 1800 - 3600 of the circumference
of the piston travel area.

Engine 12 - High limit KIL-L-21260 Grade 2
4 of 6 cylinders remained corrosion free for one year
1 of 6 cylinders showed stage 3 corrosion, 10 wide for 3000

of the circumference of the piston travel area.
1 of 6 cylinders showed stage 3 corrosion 1/8" wide and 1" long.

Engine 13 - Hligh limit HIL-L-21260 Grade 2
7 of 12 cylinders remained corrosion free for one year
2 of 12 cylinders displayed stage 2 corrosion for an area

of 1 x 4" in piston travel area.
1 of 12 cylinders displayed stage 3 corrosion in various spots

over the entire piston travel area.
2 of 12 cylinders showed stage 3 corrosion for 1"-1-1/ 2 " wide

from 270 -3Go of the circumference of the piston travel area.

Engine 14 - Low limit HIL-L-21260 Grade 2
S of 6 cylinders remained corrosion free
1 of 6 cylinders exhibited stage 3 corrosion of 1V wide for 3000

of the circumference of the piston travel area.

* Engine I5 - VCI Oil.
All 12 cylinders free of corrosion.

Engine 16 - VCI Oil.
All 12 cylinders free of corrosion.

Engine #7 - Left Bank of 6 cylinders VCI plugs plus low limit
MIL-L-21260 Oil, Grade.
Right Bank - VCI plugs only, no oil through spark plug openings.
All 12 cylinders remained corrosion free.

* Engine 58 - Sam, as 17
All 12 cylinders remained corrosion free.

-NOTE - Detailed graphical sheets on each engine and each
cylinder follow.

-



EiJGI:jE W'R. 1 Afl :7SO-7C SERIAL NR. 26033

":ank, co-at, F.T. w/g9 _R

YY, Gn, !ý4Al - 6
USA ,R. 30177e06

• Firs: Insp. 9-15-591No corrosion
Th-s ;s the results of 03 CorT in spotty areas.
the first inspection.

CL DE FOR CYLINDERS

- LIectrofilm
] D - Deetroit Licensee

D - West Coast
5 - Bare

F3 Corr I" ^ for 360° 1 - ' •:r. of cylinders !Spotty F3 Corr near top
- Left Bank 'for 1800

KRight Bank

!C.) mi!e run of 1146A1
4---x.cle co-leted I

, -27-58. i

-ccessed with Low Linit!

~. •-ae 2, WIL-'--21260 Oil;

1ý Co•r Y fcr- 3N•° Ic corros-onI0

Pulled: This cylinder
er.eoved. .

All cylinders Boroscoped 3

-late Prccessed: 7-2-58 B

-* 913 Corr 1/2" X at tcp for
,10oo

'Pulled

No corrosion

®~R

. _. ,o corrosion

ACCFESSOPY VID
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ENGINE NR. 2 AOS 895-3 SERIAL NR. 8207

I Gun, Self'-Propelled, F.TSTwin 401'Ji P&Q2

IUSA rR. izr 881

Ko corrosion First Insp. 9-15-59 or

This is the results of 1
the first inspection.

_CODE FOR CYLINDERS

jE - Electrofil
-- West Coast

B - Pare

1100 mile run of P42
Ivehicle completed
16-27-5g.

JLiTtý2 Grade 2 I--
21260 Oil.

\o corrosion 
f3 Corr at top 1- W f..

Pulled: This cylinder 3000
renoved. 

Pulled

'All-cylinders Boroscoped

Date Prccessed: 7-2-58

13 Corr near top l"L N o n
and 1/9" W "NIo corrosion

ACCESSORY END

0%



17
ENG'11E IM. 3 AVI-1790-7C SERIAL NR. 26003

j LTank, combat, F.T,.®
"w/90 M Gun, M48AI1

B"USA NR. 9A1196

First Insp. 9-15-59
No corrosion #2 Corrl1 W x 4" LI•This is the results of

the first inspection.

CODE FOR CYLINDERS

P - Phosphate
B -Bare
1 - 6 fir. of cylindersi• L -Left.Bank

#3 Corr near top 1" W R - Right Bank No corrosion
for 2700 100 mile run of M488AI

vehicle completed
6-27-58.

* 4L Processed with: High
Limit Grade 2 MIL-L-

8- 21260 Oil

No corrosion #2 Corr I" x 40
Pulled: This cylinder
remcved.

3 L - All cylinders Boroscoped

"B : Date Processed: 7-2-58

93 Corr near top 1-1/2" No corrosion
W for 3000

Pulled

"No corrosion No corrosion

l.LlI

"#3 Corr Spotty areas !No corrosion
ACCESSORY END

0!
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ENGIN1E NR. 4 AOS-895-3 SERIAL NR. 4967

Gun, Self-Propelled, F.7
,Twin 40PHs, r142

jUSA NR. 12Dl12

No eorrosidn !First Insp. 9-15-59 corrosion
NNo corrosion

:This is the results of
ithe first inspection.

CODE TOR CYLINDERS
B - Phosphate L
~B :Bare

I - 6 Nr. of cylinders

1100 mile run of M42 Veh-
!icle completed: 6-27-58
iProcessed with: Low Limi

GCrade 2 MIL-L-21260 oil

( Pulled: This cylinder
removed.

No corrosion N No corrosion
:Date Processed: 7-2-58

I, I

OB
*3 Corr at top 1" W N ,lo corrosionfor 3000

.. Plled

ACCESTgPY END

L

L.w



ENIGIN1.r •R. 5 AVI-1790-7C SERIAL NR. 21040

6L 1~ank, combat, F. T.
w/90 HKM Gun, B48IAL

.USA NR. 30177800

rFirs Insp. 9-15-59 (
No corrosion I No sorrosion

Thsis the results of
:the first inspection.

CODE FOR CYLINDERS

_:i 1 - 6 Nr. of cylinders
"L- :left Bank

No corrosion I - Right Bank No corrosion

:100 mile run of M48Al
;vehicle completed

1 _?-28-58

'L 
Processed writh: VCI Oil

No corrosion All cylinders Boroscoped No corrosion
'Date Processed: S-29-58

(BL

"No corrosion No corrosion

StNo corrosion INo corrosion

Pulled Pulled

go corrosion ACCESSORY END ?No corrosion

i.

,-o.



ENGINE fIR. 6 AVI-1790-7C SERIAL IR. 16586
I Tank, combat, F.T. w/90

MV Gun, 1.48AI
USA NR. 30177735

"" ~ First Insp. 9-15-59No corrosion o -- "

This is the results of No corrosion
the first inspection.

CODE FOR CYLINDERS

B- Bare
- 6 Nr. of cylinders

L - Left Bank
COLroR - Right BankNO corrosion 10 i e u f 4 A o corrosion

10 ierun of W48A1

vehicle completed
9-28-58

S Processed with: VCi Oil._

There were no cylindersremoved. (~ ~~o corrosion N or so
No corrosion All cylinders Boroscoped No corrosion

Date processed: 9-29-58

No corrosion 
No corrosion

02 BL 
02R

B :B

NO corrosion I,,o croon

* B

No corrosion . :o corrosion

ACCISSO?Y EUD

............. ......
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ENGINE 11R. 7 AV-_IT0B SERIAL KR. 18620

M1 Gun, H48AI 4.
'USA NR. 30173160

O First Insp. 9-15-S9
No corrosion I No corrosionSThis is the results of

I the first inspection.

SL ~CODE FOR CYLINDERS R

f B - Bare
1- 6 Ur. of cylinders

I L - Left Bank

No corrosion R- Riht Bank no ccrrosion

Pulled f 100 mile run of M48AI
vehicle completed
9-28-58.

1 - 6 Left Bank cylin-
ders processed with: Low
Limit Grade 2 IIL-L-
2126C plus V.C.I. Plugs

No corrosion , in spark plug openings. No corrosion

:Pulled: This cylinder
rem.oved.

All cylinders Bcroscoped
B 'Date vrocessed: 9-29-58 j-

No corrosion I 1O corrosion

B B

No corrosion

lL I.

No corrosion :No corrosion
P.CCESSOPY END
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ENGINE NR. 8 AV-1790B SERIAL Up.. 510l3

HM t Gun. MAIA.R

B ,USA 11R. 9AI.95

rirst Insp. 9-15-59"- - iNo corrosion n - orsi
I This is the results of No corrosion

|the first inspection.

SL Cede For Cylinders
B- BareB- {L -Left Bank

I R -Right Bank
Io r - 6 Nr. of cylindersS ,No corrosion 1 00 mile run of mkSAl 110 corrosion

S ~vehicle completed
P; ulled 9-29-58

S 1 i - 6 Left Bank cylin-

i der processed with: Low
Limit Grade 2 FIL-L- "S21260 plus V.C.I. Plugs
in Spark Plug openings.1o corrosion INo corrosion
I - 6 Right Bank cylin-
ders processed with: VCI

' Plugs only, no oil thru'"-" 3 Lspark plug openings.

reovd.Pulled: This cylinder(DB -iremoved.

All cylinders Boroscoped"No corrosion Nc corrosion
Date processed: 9-29-58

* I

2BL

NO corrosion 'NO corrosion

L

No corrosion No corrosion

A SI -N
0
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GEIE?.AL SU!MARY 01' SECOLD APtHUAL EVALUATION

Every cylinder in each engine was boroscope inspected by three"individuals. Individual cylinders in some cases were completely
removed for naked eye visual inspection, where any doubt or dif-
ference of opinion existed on the boroscope examination.

All enrgines processed with rIL-L-21260 preservative -ila
displayed at least 50% of the cylinders corroded, most of which
had reached the stage 3 type.

With the FIL-L-21250 processed engines, cylinders that had
dizplayod after the first ennel inspection; bad in-
creased in severity and area affected. Also some cylinders not
corroded after the first year were now affected.

The difference between the preservative qualities of low limit
and high lirit t1IL-L-21260 oils was noticeable, indicating better
results with material considered in the higher bracket of quali-
fication.

The use of permanent type coatings such as phosphate or
electrofiln on the cylinder walls prior to processing with the
standard rreservative oil (PIL-L-21260) offers little addee
protection, when compared to the bare uncoated cylinders, processed
with the same oil. Observaticn indicated that most of such type
coatings had been removed on the 100 mile test run before the
original processing.

Z Practically all interior cylinder surfaces appeared quite dry
with little or no evidence that oil had been atomized through the
spark plug openings. This indicates the drain off characteristics =
of the oils used especially on vertical surfaces over a long period
of tine.

VCI oil aEng OS & 6appeared best as no corrosion was found on
any of the 24 cylinders after two years' storage. The fantastic
part is that this is the second time in two years that the engines
have been removed fio:r the vehicles and set around for days with one
spark plug removed f rcn each cylinder. Apparently the contact and
volatile protection was not too adversely affected by the excessive
handling of the eneines necessary to accorplish the evaluations.

VCI crystals (Eng. 17 & 8) in combination with MIL-L-21260
*s oil through the spark plug openings displayed only j of 12 cylinders

!with corrosion which had developed during the second year of stcrage
and was ccnfined to small areas. It was noted that the crystals
were prevalent on the interior surfaces of the cylinder and when oil
had been atomized through the spark plug openings there was a ten-
dency of build-up in some areas of the two raterials. In fact,
through a boroscope these areas had the appearance of corrosion.

. .
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CE-TERAL SUMMARY Or SECOND AHNUAL EVALUATION

Only when the cylinders were removed for visual inspection, was it
discovered that corrosion did not exist in these areas. This could
be another potential trouble area when considering the minute open-
ings of injector nozzles of fuel -injection and diesel engines.

VCI crystals without HIL-L-21260 oil atomized through the
spark plug openings likewise produced only 3 of 12 cylinders with
corrosion developed during the second year of storage and again
this corrosion was only in small area-..

4

'I-

I S

:1

I S

. . . . . .
1 - -- - - - - - - - - - . . .



D_-AILED SUM;MARY OF SrCCO:D ANNUAL EVALUATION"

Engine il - Lcw limit !MIL-L-21260 Grade 2
2 of 12 cylinders remained corrosion free for two years
2 of 17 cylinders exhibited stage 3 corrosion on the entire

piston travel area.
1 of 12 cylinders had spotty stage I and 2 corrosion on the

entire plston travel area.
4 of 12 cylinders displayed stage 3 corrosion in areas ranging

from 1/2" to 1i --ide and from 1860-3600 of the circumference
of the piston travel area.

3 of 12 cylinders displayed srall areas of stage 1 and 2 cor-
rosion ranging from 1/u" to I" wide up to 60 of the cir-
cu-ference of the piston travel area.

Engine F2 - High limit !IL-L-21260 Grade 2
3 of 6 cylinders rerained corrosion free for two years
3 of 6 cylinders developed stare 3 corrosion in streaks and

bands from 600-3000 of the circumference of the piston travel
area and from 1/8" to 1" wide.

Engine 93 - High limit tIIL-L-'21260 Grade 2
S of 12 cylinders remained corrosion free for two years
I of 12 cylinders developed spotty stage 3 corrosion over entire

pistcn travel area.
1 of 12 cylinders developed stage I corrosion over top half of

piston travel area.
3 of 12 cylind-rs, no noticeable change fros first annual eval-. .

ation.
1 of 12 cylinders, stage 3 corrosion over top half of piston

travel area.
1 of 12 cylinders displaycd spotty stage 1 corrosion over entire

piston travel area.

Engine f4 - Low linit MIL-L-?1160 rrade 2
2 of 6 cylinders rerainec corrosicn free for two years a
3 of 6 cylinders dev-elopec stage 3 corrosion, 2" wide band for

3600 of the circumfercnce of the niston travel area.
I of 6 cylinders, no chanr.: from first evaluation

Engine iS -' VE: oil.
All 12 c'vlinzc:r r f-rcý c. ccorrosion fcr two years

Engine PS - VCI Oil.
All 12 cylinders renained free of corrcnion for two year-

.-.

.' " -



DETAILED SUtFlAY OF SECOND AIhUAL EVALUATION

Engine J7 - Left bank, VCI plugs plus low limit MIL-L-21260 oil -'-
Right banks VCT plugs only
11 of 12 cylinders remained corrosion free for two years
I of 12 cylinders developed stage 3 corrosions 10 wide band

for 900 of circumference of piston travel area.

Engine IS - Left bank VCI plugs plus low limit HIL-L-21260 oil
Right bank 'ICI plugs only
7 of 12 cylinders rerair-A corrosion free for two years
5 of 12 cylinders developed strips and s-ots of stage 2 cor-

rosion from 1/4" to 2" wide on 600-1606 of the circumference
of the piston travel area.

0'o

S

2 I
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................. *. --.- "--.



27'ENGINE 11R. 1 AVI-1790-7C SERIAL KR. 26033

* I~Tank, Cccsat, r.T. w190""IM. Gun Ht8Al
USA HR. 30177806

First Insp. 9-15-59
0 8. !Second Insp. 9-20-60

02 3 Corr Ent Cyl I Spotty #2 & 3 Corr Ent Cyl
iThis is the results of
jthe second inspection.

S L CODE FOR CYLINDERS _R

E- Electrofilm,D - Detroit Licenseee o

-W West Coast

2 & 9 Corr Ent Cyl I - 6 11r. of cylinders #3 Corr from 600 l/4 to
L -Left Bank 1" W
R - Right Bank

100 mile run of H48A1 4
vehicle completed
6-27-58

Processed with: Low Limi
i" W #3 Corr 3800 sGrade 2 FIL-L-21260 Oil. No corrosion

Fulled

3 L!Pulled this cylinder
Removed first and second
inspection

All cylinders Boroscoped13 Corr 3600 !l2" W, 180° 0 3 spotty .

Date processed: 7-2-58 ICorr 1800 [
• * Puiled2B

B I..

""3 Corr, one spot 1" W No cc-rccion
Tvo srall spots 1/2"
Diameter.

~D ,
Spotty 13 Corr 3600 Small areas of Corr 11

"ACCESSORY END

.. . "
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ENGIfIE 1R. 2 AOS 695-3 S--IAL NR. 8207

6 Gun, Self-Propelled, roTI
E Twin 40}• !47

W 'USA IUR. 12FB81 B
First Insp. 9-15-59

No corrosion Second Inso. 9-20-60 No corrosion

This is the results of
the second inspection.

CODE FOR CYLINDERS

E- Elactrofilz
W - West Coast
B - Bare
100 mile run of P42

vehicle completed

0 ~6-27-58.3
Processed with: E-dgh

'Limit Grade 2 YIL-L-
,21260 7-2-58.

No corrosion , Sane as first inspection -
plus I" strip of 12 Corr

lextended from top of piston
Pulled; This cylinder jtravel to bottom of Cyl
""r•emoved first and I
"second inspection.

All cylinders Bo-cscoped

Date processed: 7-2-58

• B
13 Corr, near top 1" L Several spotty streaks,13
and above ring travel Corr 600

ACCESSORY END

0• _: -- •== •±• ::••:- :--- : -• •-- :" •-•- ::-:--• :-• ::••--: :• ':• -'
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ENGINE 1R. 3 AVI 1790-7C SERIAL HR. 26003

6" LTank, combat, r.T. w/9O0• I11M Gun, 1.4&-X
-") "USA IP. 9A 1196

""-. IFirst Insp. 9-15-59
Second Insp. 9-21-60 #2 Corr I" x 4"

SNO corTOSiOn I This is the results of i
the second inspection..

CODE FOR CYLINDRS

IP - Phosphate

1 6 Nr. of cylinder !

L -Left Bank
f3 Cor- I* W for 2700 R - Right Bank No corrosion

ilO0 nile run of M48AI (Pulled)
vehicle completed

! 6-27-58.

OB "Processed with: High
'Limit Grade 2 MIlL-L-

i
2 1 2 6 0 Oil.

Spotty #3 Corr Ent Cyl 12 Corr I" x 4" vertical,
sPotty 91, Corr throughout

Pulled: This cylinder Ent Cyl
re`,oved first and second

3 L ~inspccticn.3
(Pulled) This cylinder
removed second inspec-

•tion
53 Corr 1-1/2" W 3000 I No corrosion

All cylinders Boroscoped
Pulled

:Date processed: 7-2-S8

0~~ 2LB,2

""lo corrosion No corrosion
0 (Pulled)

Spotty 13 Corr top area Spotty P1 Ccrr top arei
.. [•. ACCE.SSOpy M~ID



EfGINE NJ 4 AOS E95-3 SERIAL BR. 4967

6.... Gun, Self-Propelled, F.TT -ITwin 40Vrf 1142,0USA UP. 12DI1 7-

First Insp. 9-15-5913 Corr spotty for Second Insp. 9-21-60 Do corrosion3600 top half Cy 9 -0

(Plld)This is the results of Mll~edt)(Pulled) the second inspection.

CODE FOR CYLINDERS

P - Phosphate

B - Bare
1 - 6 fr. of cylinders

100 mile run of HM2
vehicle completed

(43
Processed with: LowLimit Grade 2 MIL-L-
21260 oil. "

53 Corr 3600 2" W top 3 Corr 2" W 3200 top ofof ring travel area. Pulled: This cylinder ring travel area.llremoved first and second
(Plled) inspection (Pulled)

(Pulled) This cylinder
reroved second inspect-
ion.

Date processed: 7-2-58

(2
B0

Sam2 as first inspection[with increased Corr. No corrosion

Pulled (Pulled) .

ACCESSORY END

0 .j

.... .... .... .... .... ... .... .... .... .... ...



ENGINE NR. 5 AVI-1790-7C SERIAL NR. 2104)

6LTank, combat, F.T. w/0O
KTM Gun, H46A](

B"-'USA NiR. 30177800

First Insp. 9-15-59
No corrosion Second Insp. 9-20-60 No corrosion

I This is the results ofthe second inspection.

5 LI CODE FOR CYLINDERS
S'B- 

Bare
I - 6 fr. of cylinders
IL -Left BankNo corrosion R - Right Bank No corrosion

100 mile run of 1148A1
S vehicle completed

4 L ~9-28-58. 1

Processed with V1cI Oil.

No corrosion No corrosion
Pulled: This cylinder
re•moved first and second
inspection.

3LAll cylinders Boroscoped

Date processed: 9-29-58

No corrosion No corrosion

BB

* No corrosion No corrosion

Pulled Pulled

No corrosion No corrosion
ACCESSORY END

.... . .* 
-..



:1EllCINE NR. 6 AVI-1790-7C SEPIAL 1BR. 16586

6 L t
Tank, ccmbat, F.T. w/90
My Gun, M48AI
USA NR. 30177735

( B First Insp. 9-15-59
Second Insp. 9-20-60 N

'This is the results of
the second inspection.

COEFOR CYLINDERS 1

( BL B -BareB
I - 6 Vr. of cylinders
L L-Left Bank
R - Right Bank

No corrosion 1u No Corrosion:• i1109 nile run of M-SAI

vehicle completed,9-28-58

B Processed with VCI Oil.

No corrosion No corrosion
iThere were no cylinders
i removed.

!IAll cylinders Boroscoped

*Date Processed: 9-29-58

( B-B

No: corrosion i No corrosion

* No corrosion I No corrosion

•I I .

lL . 1 R\
* B

"-.o corrosion !o corrosion
ACC-C-Y- Y END

0-
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ENGLUE IIR. 7 AV-1790-3 SERIAL XR. 16625

CL' ~Tank, combat, r.T. w/90I
'111 Gun. M484AI

-"B :USA .F.. 3017316.

io crrsion*First Insp. 9-15-59
No corrosion Second Insp. 9-20-60 No corrosion

iThis is the results of
the second inspection.

5 CODE FOR CYLINDERS

RB- Bare
1 -6 NP. of cylinders
L L Left BankNo corrosion R -Right Bank No corrosion

SPulled 100 Hile run of H48AI
"Lvehicle ccmpleted
9-28-58

i - 6 Left Bank Cylind-
iers processed with Low

No corrosion Limit Grade 2 1NIL-L- No ccrrosion
j21260 plus V.C.I. plugs

(Pulled) iin spark plug openings.

11 - 6 Right Bank Cylind-
3 L !ers. No oil thru spark

•plug openings, cnly VCI
Iplugs.

IPulleo: This cylinder
.o corrosion ,recved first and second No corrosion

:inspectio°n. (Pulled)

.(Pulled) These cylind-
* -. 1erscremo.ved second in-

;spection. ®R

B :All cylinders Boroscoped! B

!Date processed: 9-29-58 -
SNo corrosion N,3 ccrrosion

No corrosion #3 Ccrr 1200 1"x3"
ACCESSORY END

k t



*i .- ~ o. -ni l n. ..... ... ..- I n //mn mnm.un

.3 . ". 'IE XR. 8 AV-1790-B SERIAL NR. 511Si

S6L Tank, comn.at, .T. u/9D0
1ý Cun, Men 6A1

BlSA rR. 9AI195

SFirst Insp. 9-15-59No corrosion .'Second Insp. 9-20-60 ftc corrosion

T is the results of (Pulled)
the second Inspection.

"CODE FOR CYLINDERS

* Q ~-Bare
1 - 6 Nr. of cylinders
L - Left Bank1/2" band 12 Corr 1800 ;g - Right Bank 1 COrr, l/'x2"

Pulled
190 mile run of 14BAl

* 

vehicle completed( L :9-28-58.

B1-S Left Bank, cylinders
;rocessed with Low LimitGrade 2, PIL-L-21260 plus1/2" W strip 13 Corr V.C.I. plugs in spark No corrosion600 top area, plug openings.

:1-6 Ritht Bank, cylind-
3 L!-ers processed with V.C.I..plugs only, no oil thru

1 sTpark plug openings.

" ti i [-ulled This cylinder re-Strip #1 Corr 900 bottom ooeG first and secondSare-a inspection.
(Pulled) sei corrosion

(Fulled) These cylinders
2 L reroved second inspection

"B ) All cylinders Boroscoped 2 R
bate prccessed: 9-29-58 B

No corrosion 
5Sscts from 12"

0,.lg 

top area.

ACCESSORY ED ,(Pulled)

F 
- - -. 

- -- -



35j
C0 GEI;ERAL SUYt'APY OF TzID ANNUAL EVALUATIOON

VCI Oil AT~noaý6) proved best by keeping 17 of 214 cylinders corrosion
free for three years. The other seven cylinders which developed
corrosion during the third year of storage were spotty and not
near as severe as the other engines.

"VCI crystals (Eng n 7 £ 8) alone or with .IL-i '60 proved second
best with 3 of 24 cyl-nders corrosion fre. years, iS of
"the 21 cylinders developed corrosion duri. - third year of
storage. Practically all the corrosion wa. .. ,nfined to spots
or bands 1/2" - 1" wide, 900 - 3600 of the circumference of the
piston travel: area.

'IL-L-21260 oil displayed sufficient corrosion on half the cylinders
to question satisfactory cperation of the engine after reassembly
without considerable rework and/or salvage.

There was a more noticeable oifference in the performance of the two
sources of HIL-L-21260 oil. One source considered borcerline
insofar as meeting the requirements of the specification did
not perform as well as another source material that our qualifi-
cation people regard as far above the rininum specification
requirements. In the test these materials were designated as
lcý: limit and high limit accordingly.

The combination of a phosphate treatment plus MIL-L-21260 oil performed " ".
slightly better than the same oil on the bare cylinders, however, "-
not sufficiently superior to warrant the time, cost and labor
of phosphate coating each cylinder. - .

The use of electrofiln (combination lead, tin and graphite) with
oil d:d no better ham the same oil on bare cylinders. Also
no difference was nz-ted between the coating as applied by the.
parent company or one of it's licensees.

All cylinders were both boroscope inspected then removed for actual
visual inspection. Cenerally speaking the comparison revealed
the extent and degree of corrosion is m.ost difficult to ascertain
strictly by borosrcop readings. Therefore, the findings on the
"detailed sheets for the third evaluation show the actual condition
as determined by visual inspection after removal of the cylinders
fro= the engine. Upon cormleto teardown, other components were
checked for corrosion and/or deterioration. Engines were then
reassembled, tested on a power ;ac), test stand for efficiency of
oper3tion with particular emphasis on perforrance relating to the
following characteristics and components.

Oil Pressure V'acnetos rcel Filter
Noise Carburetors Oil Filter Elezent
31o. By :Fnitinn Harness •
Stall Test (RPM Generator
Ccrression Readings Starter
of Each Cylinder)

0 - ...
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DE7aILTD SU::HARy OF 3RD & FINAL EVALUATION

Engine fl - Low Lirit MIL-L-21260, Crade 2 Oil.
I of 12 cylinders rem.ained corrosion free for three years.
2 of 12 cylinders exhibited Stage 3 corrosion for the entire

piston travel area.
I of 12 cylinders exhibited Stage 2 9 3 corrosicn spots over

the entire piston travel area.
1 of 12 cyli=ders displayed Stage 3 corrosion for 213 of the

entire piston travel area.
7 of 12 cylinders exhibited Stage 2 & 3 corrosion spots and

bands for the entire circumference from 1" - 2" wide.
! Upon reasse=bly and testing on a power pack test stand for

efficiency of operation, the following deficiencies were noted.

* a) 0I. prescaure vas 45 P.S.I. at 2800 RFP, acceptable
* is £0 - 70 P.S.I. Assumption is this was caused by

wcorn !earings and not storage deficiency.
b) Generator showed no change, probably caused by previous

disassezbly and/or workmanship and not deterioration.
c) Coverncr was unserviceable. Not due to storage.

Engine 92 - High Limit MIL-L-21260, Grade 2 Oil.
4 of 5 cylinders displayed Stage 2 $ 3 corrosion on entire

piston travel area.
2 of 6 cylinders displayed Stage 2 & 3 corrosion spots over

entire piston travel area.

• Upon reassembly and testing on a power pack test stand for
efficiency of operation, no deficiencies wex. acted.

Sngine 93 - High Lzimt FIL-L-21260, Grade 2 Oil.
2 of 1! cylinders showed no corrosion after three years.
1 of 12 cylinders displayed Stage 2 E 3 ccrrosion on the entire", s piston travel area.
4 of 12 cylinders showed Stage 2 corrosion spots on the entire

piston travel area.
3 of 12 cylinders displayed stage 3 corrosion bands 1-1/2" - 2"

i;de f.,r 03c-3B0o of the circumference of the piston travel area.
1 of 12 cylinders showed stage 3 corrosion in one area of the

;isten treyl area 4"x3".
1 of 12 cylinders displayed Stage I corrosion for top half of

piston travel area.

Upon reiss-ýbly and testing on a power pack test stand [cr
-:o-icency of ozeration, englne would not start due to
Z-pooper timing.

--... . . .-- - - - -? - '- -- "- ----- .'- - . -- . -.- -.-.. _.-- - Iz -:
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37'V
j Engine 4 ' - Lcw Limit ZIIL-L-21260, Grade 2 ili.

All 6 cylinders corroded.
1 of 6 cylinders, Stage 3 corrosion over entire piston travel area.
I of 6 cylinders, Stage 2 E 3 corrosion spots cver entire Viston

travel area.
""4 of 6 cylinders, Stage 3 corrosion bands 1-1/2"-2" wide for

S3000-3600 circumference of piston travel area.

Upon reassembly and testing on a power pack test stand, the only
deficiency was the irnition harness whic! yes daraged due to the
hzandling in the throe teardo•-ns.

iEng-n 85 - VCI Oil.3 of 12 cyliLdc-rn r.r :r--! corrosfon free for 3 years.
3 of 12 cylindeis, Sta.ý 2 corrosion spots on entire piston

travel area.
1 of 12 cylinders, Stage 2 corrosion band 1/8" wide for 1800
of circumference cf piston travel area.

Upon reassembly and testing on a power pack test stand, no
operating deficiencies were found.

r-,n- C6 - VCx Oil.
-, cy1-'nd,'r ,-:•~ned corrosion free for three years.

2 of 12 cylinderc :Itage 2 corrosion spot 1/2"-2-1/2" wide by
2-1/2" long.

1 of 12 cylinders Stage 1 & 2 corrosion spots on lower half
of piston travel area.

Upon reassembly and testing on a power pack test stand no operat-.L
deficiencies were noted.

Engine #7 - Left Bank - VCI plugs plus Low Li=it XIL-L-21260, Grade 2
Oil atomized through spark plug openings. Right Bank - VCI
plug only.
I of 12 cylinders remained corrosion free for three years.
6 of 12 cylinders Stage 2 corrosion stots over entire piston

travel area.
6 3 of !2 cylinders Stage 2 corrosion srots over lower half of

piston travel area.
2 of 12 cylinders, Stare 3 corrosion band 1/2"-l" wide, !SOO-360O

circumference of the piston travel area.

Upon reasserbly and testing on a power pack test stand the
* following operating de~iciencies were noted.

a) Compression ; -asow orn ll 6 cylinders of the right
bank and I cylinder slightly low on left bank.

b) Stall test (?-.:'s) read 2300 instead of the minimur 2400.
c) Blow By rejectable.

i• All above deficicncies presumably due to faulty tiring caused
by the teardcwn and not any deterioration and/or corrosion.

i 0.. .
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ij

Engine 8- Sane as 7.
2 of 12 cylinders reairned corrosion free for three bears.
2 cf 12 cylinders Stace 2 6 3 ccrresicn srots for entire piston
travel area.
8 of 12 cylinders, Stare 2 & 3 ccrrosior. band 1 /2 "-1 0 wide,1800

-36CO circumference of riston travel area.
4 of these sar.e E showed acditicnal strip of stage 3 corrosion

1/4" w.i-de, 60o-lO& crc_=ference of piston travel area.

Upon reasse..bly and testing sn a pever rack test stard no operating
deficiencies were noted.

j

°I
-0
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EUGI•E HR. I AVI-1790-7C SERIAL qE. 26033

" --L )•M, Guný MW4AI

I.-" B) USA NR. 30177806

First Insp. 9-15-.59
#3 Corr 1800, 1-1/2" 2" Seccnd Insp. 9-2r-60 93 C Ent Cyl.
W top of Cyl Third Insp. 10-12-61

This is the results of

"SL
SCODE FOR CYLINDE-RS

E - Electrofilm

13 Corr Ent Cyl D - Detroit Licensee #3 CorT 3600 1-1/2" 2"W
W - West Coast
B - Bare top of Cyl.

*1-6 No. of cylinders
L - Left Bank

E R - Right Bank
( 0

100 mile run of M48AJ
vehicle completed

03 Corr 3600 1"-1-1/2"W 1.16-27-58, processed with F2 E 3 Corr spots 1/2" Wtop of Cyl Ilow linit Grade 2 !IL-L-i top of CyI
f21260 Oil.

3 ' :Fulled this cylinder.
"Reoved first and secondl

D'inspection. I
!2 6 3 Corr spots I" W iAll cylinders pulled. I.2360° to Of Cyl3 Corr 360°01 top
3600 top of Cyl All cylinders Bcrcscopedi of Cyl

*e •First E Second Inspectioh
2L

D: !Date processed: 7-2-58 e

92 8 3 Corr spots Ent
* Cyl No corrosionI I

I I

#3 Corr 360 0 2- W top .2/3 Ent Cyl 13 Corr top"of Cvl ACCrSSORY END ;half
":



EIIGINE 1IR. 2 AOM 895-3 SERIAL IJR. 8207

& ~Guns Self-Prepelled, r.TI '
E / Twin 40=1B. M•?2L .USA NP. 12r881 B -_

'First Insp. 9-15-59 -"I 2 & 3 Corr Ent Cyl Second Insp. 9-20-60 "2 6 3 Corr spots Eint Cyl
,Thnird Insp. 10-12-61
I
;This is the results of
!the third inspection.

CODE FOR CYLINDERS

r - Electrofilm
'w - West Coast

-b - Bare
S"10C mile run of MI2 veh-

.c1e com~pleted 6-27-58.

£ -:'rocessed with high Limit
'.raae 2 lIL-L-2126n Oil l
!7-2-58.

3 :,CorrEntCy2 
3 Corr Ent Cyl: J~~~~2 £ o n y

ýFulled: This cylinderre•,oved first and secondj

inspection.

C.II cylinders pulled I
rIA11 cylinders L'croscoped;
First & Second Inspection
Date processed: 7-2-58

D 2

/ B

*;2 3 Corr spots Ent f3 Corr Ent Cyl

* j

0



ENG E KR. 3 AVI-1790-7C SERIAL hR. 26"3
(6/.1. :Tank, ccna,= t.T. '.i19 /•R-'

.Gun, M48A,
S':USA MR. 9A 1196

L ]:TFirst Insp. 9-15-59 D# 1 6 2 J orr spots Ent Second Insp. 9-21-60 #2 6 3 Corr spots 4"x3 -"

Cyl 'Third Ins 10-12-61

This is the results ofj the third inspection.

CODE FOR CYLI'V•ERS l

P - Phosphate,!
B - Bare

#3 Corr 1-1/2" W top of 1 - 6 Nlo. of cylinder No corroeion-
Cyl L - Left Bank

R - Right Bank

* :100 nile run of M48AI "
vehicle cccpleted
6-27-58. p

Processed with High Lini13 Corr 3600 2* W top ,Grade 2 HIL-L-21260.0il 12 £ 3 Corr spots Ent Cyl.
of Cyl

!Pulled: This cylinder
3 ~ recov-ed first and second-:inspection. 3R

I(Pulled) This cylinder P

reroved second inspectiol

13 Corr 3000 1-1/2" cylinders pulled i Corr spots Ent Cyltop of Cyl Al
All cylinders Boroscoped

"First & Second Inspectiol
'Date processed: 7-2-S8

12 Corr spots Ent Cyl I
No corr-bsion

#2 63 Corr Ent Cyl #1 Corr tpo y
ACCESSORY END

-SS



ElI.E R__. I4 AOS 095-3 SERIAL II R. 4967 - -

"Gun, Self-Propelled, r.T •S.-
Twizi '40 Mrl, Mt42

( B) USA IBR. 12Dl12

rirst Insp. 9-15-59
Second Insp. 9-21-60 |

53 Ccrr Ent Cyl Thir"d Insp. 10-12-61 f! E 2 Corr spots Ent Cyl

"This is the results of
ýthe third inspection.

CODE FOR CYLINDERS-

P - Phosphate
1B - Bare
:1 - 6 No. of cylinders

1100 mile run of 142 veh-
icle completed 6-27-58.

'4 Processed vith Low Limit
Grade 2 MIL-L-21260 Oil.

B 

P

i3 Corr 3600 2" W at Pulled: This cylinder i#3 Corr 3600 2" W at top

top of Cyl resoved first and second; of Cyl
inspection. c

(Pulled) This cylinder
removed second inspectiop I

.All cylinders pulled. 7 P

: Date processed: 7-2-58

All cylinders Boroscopedi
first and second inspec-
tion.

2 •
B 

I -.

OP

9t Jorr 300° 1-1/2" W # 92 Corr spots 1-1/2" W at

at top of Cyl I top of Cyl

Si "I E
*I i

ACCLSSORY END 
"

6 . .. 
- - . . . .
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ENCGINE NR. S AVI-1790--7C SERIAL MR. 210*04

Tank, combat. r.T. w/90
""*,. Cun. ,148A_
USA !R. 30177800

;First Insp. 9-15-59

No corrosion Second Insp. 9-20-60 No corrosion
Third Insp. 10-12-61

This is the results of
S Lthe third inspection.

B- CODE FOR CYLINDERS

B - Bere
'1 6 2 Corr spots Ent 1 - g No. of cylinders No corrosion• :L -Left Bank
Cyl IR - Right Bank

i 100 mile run of fl48AI
;vehicle ccmpleted• - 9-28-58.

x-rc(ss~d t:ith VCI Oil.

No corrosion 11 Corr spots Ent Cyl

Fulled: This cylinder
rFe-ved first and second

3-Linspection. 3

B All cylinders pulled
All cylinders Boroscoped. 0
First and Second inspec-1

No corrosiontion.9--S
.No corrosion Date ;rocessed: 9-29-S8 02 Corr 1/8" W 180 center

B B

52 E 3 Corr spots Ent No corrosion
Cyl

0 -L 
iR

*B OB

No corrosion Ho corrosion[
[" ACCESSORY END



EIIGIUE XR. 6 AVI-1790-7C SERIAL NR. 16586

!Tank, comibat, F.T. i./90 ®MH? Gun, h.'a8A1
B USA NRf. 3017773S5

ny irst Insp. 9-15-59
12 & 3 Corr spot 1-112" iSecond insp. 9-20-60 fo corrosion
x 2-1/2" center of Cyl Third Insp. 10-12-61

'This is the results of

!the third inspection.

CODE FOR CYLIUDERS

B - Bare
I- 6 No. of cvlinders

"No corrosion IL - Left Bank No corrosion
;R - Right Bank

1 100 mile run of M48Al

,Lveh.cie completed
19- 2 8 - 5 8

Processed with VCI Oil.
Nh' corrosion il & 2 Cor pt lower

• ~half of Cyl .

There w:ere no cylinders
3 L remoi.ed.

All cylinders pulled
All cylinders Boroscoped
tn First and Second Inspec- 0-tion.
Date processed: 9-29-58

"io corrosion No corrosion

.2L..

*B

N•o co-c3rcson .0o c11"'l

"corros-"on *I 2 Corr sjots 1/ 2 " w"ACCESSOPY END:"-. ,450 top of Cyl



ENGINiE 1JR. 7 AV-1790-B SERIAL UR. 18620

Tank, combat, F.T. w/900.- HM Gun, 44BAl
USA NR. 30173160

First insp. 9-15-59"93 Corr spots Ent Cy! Second Insp. 9-20-60 0l E 2 Corr spots lowerThird Insp. 10-12-61 half of Cyl

This is the results ofs Lthe third inspection. S)R0 CODE FOR CYLINDERS B

B - Bare

#2 C 3 Corr spots Ent "1 - 6 No. of cylinders 13 Corr 1/2" W 3600 top ofL - Left BankCyI R - Right Bank Cyl

* ~100 mile run of 1148A1
vehicle completed
9-28-59.

1-6 Left Bank Cylinders
processed with ow Limit

I1 2 Corr spots Ent Grade 2 MIL-L-21260 plus 11 6 2 Corr spots lowerCyl V.C.I. plugs in spark 1half of Cylplug openings. '
1-6 Right Bank Cylinders
1No oil thru spark plug ® R
openings, only V.C.I.

"0B -lugs. B

Pulled: This cylinder rj
No corrosion rov-ed-first and second 102 6 3 Corr spots Ent Cyl

inspection.

(Pulled) These cylinders
removed second inspection
All cylinders pulled 2K
All cylinders Boroscoped BFirst and Second Inspec-

tion.
#3 Corr spots Ent Cyl bate processed: 9-29-58 112 6 3 Corr 1800 1" W top

of Cyl

1 
-

B I B

#2 & 3 Corr spots Ent 92 6 3 Corr spots lower
Cyl ACCESSORY END !half of Cyl

S
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EIIGINE IJO. 8 AV-1790-B SERIAL PIR. 51108

6 L Tank, ccnbat, F.T. w/90 R _
M2! un, r48AI

C B USA ::R. 9A 1195 B

First Insp. 9-15-59
03 Corr 1/2" W 3600 top Second Insp. 9-20-60 52 & 3 Cort 1/2" W 3600 at
of Cyl Third insp. 10-12-61 top of "

This is the results of
the third inspection.R

B) CODF FOP CYLINDERS

B - Bare
b 3 Corr 1/2" W 1800 1 - 6 !1o. of cylinders 13 Corr 1/2" W 3600 at top

tcp of Cyl L - Left Bank of Cyl.
- iht a3 Corr spot 1/4" W 600

* 100 mile run of 114BA center of Cyl

'.L 

vehcle completed'4
9-28-58 

1R

1-5 Left Bank Cylinders )
i3 Cr ) W 3processed with Low Linit/
o3 Corr 3yl " W 3600 top Grade 2 MIL-L-21260 plus #3 Corr 1/2" 3600 top ofV.C.I. plugs in spark Cyl

plug openings.

3' 1-6 Right Bank Cylinders. -
L-processed with VCI plugs;

"B only, no oil thru spark
plug openings. B

2 LPulled: This cylinder re-

top of cyl 3600 iW ovec first and second 12 6 3 Corr spots Ent Cyl
inspection.

S(Pulled) These cylinders
reroved second inspection
All cylinders pulled ,• " All cylinders Boroscoped:

• :iFirst and second i;nspec- C BI
- -- ~tion. /

No corrosion Date processed: 9-29-58 53 Corr 1/2" W 180° top of
,Cyl

i2 Q o s at ""
Cyl No corrosion

ACCESSORY END
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PHOTOGRAPHS

FIGURE I - View of outdoor storage area showing some of the
combat vehicles in which test engines were installed.

FIGURE 2 - View of evaluation arza where power pack assemblies
(engine, transmission, fans, shroud) after dis-
assembly from vehicles were brought in for tear-
dovn. Engines in the rear are being disassembled
uith a removed cylinder assembly.shown on the

table.
FIGURE 3 -View of test engine (AV 1790) from accessory or

front end with fan and shroud in background. A
renoved cylinder assembly on the table. Another
cylinder being boroscoped while still assembled
to the engine. Boroscopes were always inserted
thaough the spark plug openings (2 to each cylinder)
for evaluation purposes of the interior cylinder
area.

FIGURE 4 - View of test engine AV 1790 from accessory or
front end alread;y considerably disassembled
and being further torn down for final evaluation.

FIGURE 5 - View of cylinder assembly renoved from engine
!coking into the interior area slowing the bottom
of the exhaust valve, intake valve and spark plug.
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